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ABSTRACT
Objective: The aims of this study are to formulate creams containing combination of spirulina (Arthrospira platensis) extract and zinc oxide 
nanoparticles using glycerol and propylene glycol as humectants and to evaluate their physical characteristics and in vitro antioxidant activity.
Methods: Spirulina was extracted by maceration method using methanol as solvent. The high energy ball milling technique was used to obtain zinc 
oxide nanoparticles. Creams were prepared in five formulas with the variations in the concentration of glycerol and propylene glycol. The physical 
characteristics of creams were evaluated including pH, spreadability, adhesiveness, and viscosity. The optimization was conducted by Simplex Lattice 
Design (SLD) method using Design-Expert software. In vitro antioxidant activity was evaluated using DPPH method.
Results: The extraction resulted spirulina extract with a yield of 13.57%. The particle size of the ZnO nanoparticles obtained was 143.4±0.364 nm, 
with the polydispersity index of 0.177. Optimum formula of cream was obtained with the concentration of glycerol and propylene glycol was 12.9 
and 17.1%, respectively. The spreadability, adhesiveness, viscosity, and pH of the optimized cream were 12.73±0.16 cm2, 1.47±0.12 s, 126.67±5.77 
dPas, and 7.11±0.04, respectively. Cream containing spirulina extract and ZnO nanoparticles showed in vitro antioxidant activity with the IC50 value 
of 59.47±6.34 ppm.
Conclusion: Cream, containing spirulina and ZnO nanoparticles, was successfully prepared using glycerol and propylene glycol as humectant and 
showed very strong antioxidant activity in vitro.
Keywords: Zinc nanoparticles, Spirulina, Optimization, Humectant.
INTRODUCTION
Arthrospira platensis or well known as spirulina is blue-green algae 
that have many potential in medicinal, nutritional, or cosmetic 
application. The microalgae contain many nutritional compounds, 
such as proteins, vitamins, minerals, pigments, and enzymes [1,2]. 
Extracts of spirulina showed many activities, such as antibacterial [3], 
antioxidant [4,5], and anticancer [6]. The previous study reported 
the application of cosmetics containing spirulina using microneedle 
improved skin tone, skin hydration, and hyper-pigmentation of 
middle-aged women [7].
Various studies have shown that zinc has a protective effect against 
free radicals and induces the enzyme superoxide dismutase so that it 
can overcome oxidative stress due to the production of reactive oxygen 
species (ROS). Excessive ROS causes damage to skin tissue, such as 
skin aging [8]. Nanoparticle-sized cosmetic preparations have good 
biocompatibility and allow for specific interactions with biomolecules 
due to their relatively uniform size [9].
Cosmetic creams are commonly used to improve skin appearance and 
are one of the most preferred topical cosmetic preparations because 
they are easily applied to the skin. Cream type with oil in water or 
vanishing cream provides good appearance, easily applied, and cleaned. 
Glycerol and propylene glycol are needed as humectants which act by 
absorbing water from the environment or from cosmetic products and 
helping other substances to maintain water in the stratum corneum. The 
composition of glycerol and propylene glycol as humectants in cream 
preparations can affect skin hydration and physical characteristics of 
the preparations [10]. Glycerol is a natural compound and has a lower 
viscosity than propylene glycol [11]. The combination of glycerol with 
propylene glycol in topical cosmetic preparations may affect the physical 
properties of cream. Up to date, there are no studies on the formulation 
of creams containing spirulina extract and ZnO nanoparticles, using a 
combination of different humectants. 
This study aimed to determine the effect of humectants, namely, 
glycerol and propylene glycol on the physical characteristics and in vitro 




Spirulina powder was purchased from Cyanovit, Sukoharjo, Indonesia; 
Vitamin E, zinc oxide, 2,2-Diphenyl- 1-picrylhydrazyl (Sigma Aldrich), 
ethanol, methanol (Merck), glycerol, propylene glycol, stearic 
acid, triethanolamine, citric acid, cetyl alcohol, methylparaben, 
propylparaben, and rose oil (Brataco).
Synthesis of ZnO nanoparticles
The synthesis of ZnO nanoparticles referred to Salah et al. [12] using 
the high-energy milling method with modification. ZnO powder (50 g) 
was placed in an iron tube, and gourd 3/16 size (150 g) was added. 
The ZnO powder was then milled at a speed of 1000 rpm for 10 d until 
nanoparticles were obtained. Characterization was carried out using 
the DLS system (Nanopartica SZ 100, Horiba) instrument by taking 
10 mg of ZnO samples which were dispersed in aquabidest and stirred 
for 5 min. The morphology of nano ZnO was analyzed using SEM (SEM-
EDX JEOL JSM-6510LA).
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Extraction of A. platensis
Spirulina extract was obtained by the maceration method using 
methanol as solvent. Spirulina powder (100 g) was added in 1000 mL of 
methanol, then stirred for 5 min, left for 24 h, and stirred occasionally. 
The macerates were filtered with a Buchner funnel. The remaining 
powder was then macerated again. The re-maceration process was 
carried out twice. Macerates were collected and the solvent was 
evaporated using a rotary evaporator (Heidolph) to obtain the thick 
extracts of spirulina.
Preparation of creams containing spirulina extract and ZnO 
nanoparticles
Creams were formulated with different ratio of glycerol and propylene 
glycol (Table 1). The oil phase (stearic acid, cetyl alcohol, and 
propylparaben) was melted and mixed. The humectants and the water 
phase (citric acid, methylparaben, and TEA) were heated at 70±2°C 
under stirring. The oil phase was then added to the water phase and 
mixed until creamy and homogenous cream was formed. Spirulina 
extract (dissolved in 5 mL of ethanol) and ZnO nanoparticles (dispersed 
in 10 mL of distilled water) were then added to the cream base. After, 
the cream was continued stirring for cooling, and perfumes were added.
Characterization of creams
The physical characteristic of creams was evaluated including 
organoleptic, pH, viscosity, spreadability, and adhesiveness.
Creams were observed for the organoleptic characteristics, including 
texture, color, odor, and homogeneity.
The pH of creams was measured using pH meter (OHAUS) that was 
calibrated before. 
The viscosity of the cream was evaluated using Viscotester (Rion-VT06) 
with rotor number two.
For the spreadability, 0.5 g of cream from each formulation was placed 
above the Petri dish and covered with the lid for 1 min. The diameter of 
the cream was measured when given a load of 0, 50, and 100 g.
The adhesiveness was tested by placing the gel 0.5 g on top of a glass 
object and then covered with another glass object. The load 500 g was 
placed for 5 min. The glass object was mounted on the device, and then, 
the time of the glass object released from each other was measured.
Simplex lattice design analysis
The responses of physical stability evaluation (pH, viscosity, adhesiveness, 
and spreadability) were analyzed to obtain the optimum levels of glycerol 
and propylene glycol that were able to provide the optimized formula 
with optimum cream properties. Data analysis was conducted using a 
Simplex Lattice Design method with Design Expert® software.
Antioxidant activity
The creams were evaluated for the free radical scavenging using DPPH 
method [13]. Cream (0.1 g) was placed in 50.0 mL of deionized water and 
stirred at 40°C for 1 h. The supernatant was then diluted to make series of 
concentration. For each concentration, 0.5 mL of test solution was mixed 
with 0.5 mL of 0.4 mM DPPH solution in ethanol. Ethanol p.a was added 
up to 1.5 mL. The solution was incubated in the dark for 30 min; then, 
the absorbance was recorded at 516 nm using UV-Vis spectrophotometer 
(Genesys 10S). Vitamin E solution was used as control. The percentage of 
free radical scavenging activity was calculated as followed:
Absorbance of  DPPH Absorbance of sample% Inhibition =
Absorbance of  DPPH
–
IC50 value was determined by the concentration of the sample required 
to scavenge 50% of DPPH free radicals.
RESULTS AND DISCUSSION
Synthesis of ZnO nanoparticles
ZnO nanoparticles were synthesized using HEM method with a yield 
of 77.7%. The average particle size measured by PSA was 143.4±0.364 
nm with a PDI value of 0.177. The previous studies reported that HEM 
technique produces ZnO nanoparticles in the range of 30–600 nm 
[14] or 200–800 nm [15]. SEM images of ZnO nanoparticles showed 
decreasing particle size after treatment with HEM, but there were a lot 
of aggregation of particles (Fig. 1).
All cream formulas were evaluated for organoleptic characteristics 
before further analysis. The results showed that the five cream formulas 
were soft, homogeneous, light brownish-green in color, and smelled of 
spirulina and rose oil. The physical characteristics of creams prepared 
are summarized in Table 2.
The relationship between the proportions of glycerol and propylene glycol 
toward the physical characteristics of creams is summarized using a trace 
plot, as shown in Fig. 2, whereas the model equation was shown in Table 3.
Table 2: Physical characteristics of creams containing spirulina extract and ZnO nanoparticles
Formulation code Spreadabilitya (cm2/g) Adhesivenessa (s) pHa Viscositya (dPa.s)
F1 12.88±0.85 4.08±0.18 6.91±0.23 110±0.00
F2 12.73±0.47 1.53±0.32 7.15±0.09 180±0.00
F3 12.19±1.85 4.28±0.14 7.33±0.05 130±0.00
F4 13.35±0.81 1.67±0.03 7.23±0.08 80±0.00
F5 13.13±0.08 2.25±0.13 7.47±0.11 110±0.00
amean±SD, n=3
Table 1: Creams formulation containing spirulina extract and 
ZnO nanoparticles
Ingredients Weight percentage 
F1 F2 F3 F4 F5
Spirulina extract 2 2 2 2 2
NanoZnO 0.5 0.5 0.5 0.5 0.5
Stearic acid 12.5 12.5 12.5 12.5 12.5
Triethanolamine 2 2 2 2 2
Cetyl alcohol 3.5 3.5 3.5 3.5 3.5
Citric acid 0.2 0.2 0.2 0.2 0.2
Glycerol 10 12.5 15 17.5 20
Propylene glycol 20 17.5 15 12.5 10
Methylparaben 0.18 0.18 0.18 0.18 0.18
Propylparaben 0.02 0.02 0.02 0.02 0.02
Rose oil 0.3 0.3 0.3 0.3 0.3
Distilled water 48.8 48.8 48.8 48.8 48.8
Fig. 1: SEM image of zinc oxide powder (a) and ZnO 
nanoparticles (b)
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The trace plots of spreadability (Fig. 2a) showed a significant linear 
curve (p<0.05), indicated that increasing glycerol concentration 
increased the spread of cream on the skin. Glycerol affected the 
spreadability more than propylene glycol (Table 3), probably due to the 
lower viscosity of glycerol compared to propylene glycol [11].
Fig. 2b shows the creams adhesiveness in the presence of glycerol and 
propylene glycol which were in the range of 1.53–4.28 s. The graph 
was a mean-shaped model, with p>0.05, indicated an insignificant 
model. Only formulas 2 and 3 met the required adhesion value of 
more than 4 s.
The viscosity model graph is cubic (Fig. 2c) with the equation, 
as shown in Table 3. Statistical ANOVA analysis showed p>0.05, 
indicated there was no significant effect of humectant ratio 
toward viscosity. The coefficients of A and B indicated that both 
compounds affected the viscosity of the creams. The coefficient 
of AB with a positive value (+91.43) showed that there was an 
interaction between glycerol and propylene glycol which increased 
the creams viscosity.
Table 3: Predicted model equations of the creams responses 
using SLD approach
Graphic Response Equation Model
A Spreadability Y=13.36A+12.36B Linear
B Adhesiveness Y=2.06A+3.47B Mean
C Viscosity Y=110.57A+110.57B+91.43AB Cubic
D pH Y=7.46A+6.98B Linear
Table 4: IC50 and antioxidant activity of samples
Sample IC50* AAI** Antioxidant 
activity
Vitamin E 1.413±1.019 148.087±75.589 Very strong
Cream base 461.537±109.282 0.357±0.099 Weak
Spirulina 
extract 
35.153±2.990 4.510±0.397 Very strong
Optimized 
cream
59.470±6.344 2.673±0.301 Very strong
*IC50: Concentration of sample required to scavenge 50% of DPPH free radicals. 
**AAI: Antioxidant activity index
Fig. 2: Plot of glycerol and propylene glycol concentration on the spreadability (a), adhesiveness (b), viscosity (c), and pH (d)
dc
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The pH of formulated creams was in the range of 6.91–7.47 and showed 
a linear correlation (Fig. 2d). Glycerol affected the creams pH more than 
propylene glycol. Increasing glycerol concentration increased the pH of 
creams.
SLD analysis resulted an optimized formula at the ratio of glycerol and 
propylene glycol of 12.9: 17.1 with a desirability value of 0.664 (Fig. 3).
The antioxidant activity of Vitamin E, spirulina extract, cream base, 
and the optimized cream was evaluated using DPPH method (Table 4). 
All samples except for the cream base exhibited strong antioxidant 
activities.
Spirulina extract showed high levels of RSA (Radical Scavenging Activity) 
[14]. The antioxidant activity of spirulina is produced from phenolic 
and phycocyanin compounds contained in spirulina. Some compounds 
in spirulina such as phycobilin (C-phycocyanin, allophycocyanin, and 
C-phycoerytherin), phenolic (pyrogallol), and flavonoid (catechin) 
pigments can produce great antiradical activity [17]. The result was 
also supported by previous study that zinc oxide nanoparticles showed 
good scavenging activity [18,19].
CONCLUSION
From this study, it can be concluded that glycerol and propylene glycol 
affect the physical characteristics of the cream preparations. The ratio 
of glycerol and propylene glycol concentrations at 12.9:17.1 %w/w 
produced optimized cream and exhibited antioxidant activity with a 
very strong category in IC50 value of 59.47±6.34 ppm.
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